We provide some comments about the constraints on the inflationary models inferred from the two Swampland criteria which have been recently proposed. In particular we argue that, in the absence of any knowledge about the origin of the adiabatic curvature perturbations, within the slow-roll single field models of inflation there is no tension between the swampland criteria and the current lower bound on the tensor-to-scalar ratio.
Introduction. String theory provides an immense landscape of vacua. Such landscape, although populated by consistent low-energy effective theories, is surrounded by the Swampland [1] [2] [3] [4] [5] , a region where inconsistent semiclassical effective theories live. In other words, the string landscape represents a small portion of seemingly consistent effective theories of the Swampland where additional conditions are satisfied. Such conditions are provided for example the weak gravity conjecture [1, 6] .
A particular issue concerns the maximally symmetric vacua and in particular the Minkowski, the anti-de Sitter (AdS) and the de Sitter (dS) spacetimes. As it looks difficult to obtain dS vacua contrary to the vast of Minkowski and AdS backgrounds in string theory, it has been proposed that dS is not part of the landscape, but rather lives in the Swampland [2, 7, 8] . Indeed, although supersymmetric (or non-supersymmetric) Minkowski and AdS solutions in string theory are common, which are also standard vacuum solutions of the low-energy effective supergravity theory, dS ones are rare and difficult to construct. It is then natural to suspect that dS space does not reside in the landscape.
A criterion that make the dS vacua to be part of the Swampland has been proposed in Ref. [2] and is one of the two Swampland criteria proposed in order to specify if an effective theory is part of the Swampland or if it shares properties of a consistent quantum gravity theory. These two criteria are as follows:
• C1: Scalar field excursions in reduced Planck units
GeV in field space are bounded from above [2] 
• C2: The gradient of the potential in any direction of a canonically normalised scalar field in a consistent gravity theory satisfies the bound [5] 
whenever V > 0.
Of course, as it has been noticed already in Ref. [9] , as long as the parameter c is not specified, the criterion (2) is contentless. However, for the sake of the argument, we are going to assume its validity in order to discuss its cosmological implications. Some of them have been discussed in Ref. [5, [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] and these implications for the paradigm of inflation [22, 23] will be the subject of this short note.
Inflation and the Swampland. Inflation is currently the dominant paradigm providing the initial seeds for the Cosmic Microwave Background (CMB) anisotropies and the Large-Scale-Structure (LSS). In slow-roll single field models of inflation, the primordial density fluctuations are generated when quantum fluctuations leave the Hubble radius and are left imprinted on super-Hubble scales [24, 25] .
The power spectrum of the gauge-invariant curvature perturbations reads
where n ζ ≈ 1 is the spectral index,
is one of the slow-roll parameters and H =ȧ/a is the Hubble parameter. Similarly, the power spectrum of tensor modes turns out to be
The power spectra are roughly constant on relevant CMB anisotropy scales and we may define a tensor-to-scalar amplitude ratio
Furthermore, assuming slow-roll, the parameter ǫ reduces to
where V (φ) is the inflaton potential and the prime stands for differentiation with respect to the inflaton field. The inflaton field excursion can be expressed in terms of the slow-parameter ǫ
where dφ is the change in the inflaton field in dN = Hdt ≃ d ln a Hubble times.
The link between the slow-roll parameter ǫ and the number of e-folds N till the end of inflation is model dependent, but one can roughly parametrises it as [23] 
from which one deduces a field excursion of the form [5] ∆φ
From this expression one can see that, if the criterion C1 is taken seriously, one might have troubles in getting a large enough number of e-folds for the inflating patch to encompass our current horizon (that is N ≃ 60). However, a large number of e-folds is easily obtained in models with a plateau. This point was already noticed in Ref. [5] . Take for example a potential of the form
where q is positive. Supposing that during inflation V 0 dominates, the parameter ǫ is
and the excursion of the inflaton field reads
Essentially, in the inflationary models characterized by a potential of the form (11), one can easily obtain a large number of e-folds since ǫ is extremely tiny and excursions in the inflaton field can be easily sub-Planckian for q ∼ > ln 60 ≃ 4.
Models with an exponentially suppressed plateau may be naturally obtained even if the original potential is not particularly flat, but the kinetic term of the inflaton is not canonical and becomes singular at some field value. This was originally observed in Ref. [26] and further discussed in Ref. [23] . Recently this class of attractor models has been thoroughly investigated and extended [27] .
where µ is a mass which can be even identified with the cut-off scale M . The canonically normalized field is
and the corresponding Lagrangian becomes
At large values of the φ field the inflationary model is simply described by a dominating vacuum energy plateau plus an exponential suppressed field contribution. We conclude that the Swampland criterion C1 can be easily satisfied for a large class of inflationary models and therefore it does not represent a threat to the inflationary paradigm. What about the criterion C2? It implies
This lower bound, if taken at face value, would rule out all slow-roll single field models of inflation as an accelerated period can take place only if ǫ < 1. However, the requirement that no critical dS vacua exist, even metastable ones, as proposed in Ref. [2] , allows any value of c (as long as c > 0), even tiny values. Given that no quantitive argument for having c ≃ 1 is currently available, c ≃ 10 −1 seems as good as c ≃ 1 to us 1 . If so, ǫ needs to be larger than 5 · 10 −3 and this value is small enough to give rise to a period of inflation (and still be in agreement with having the spectral index n ζ ≃ 1).
The real problem with the lower bound (17) is that in slow-roll single field models of inflation the consistency relation (6) holds and therefore the current bound r ∼ < 0.07 (from the absence of the tensor mode-induced Bmode polarisation in the CMB anisotropies [28] ) converts into the upper bound
which is in clash with the criterion C2 even allowing c = O(10 −1 ). Let us elaborate about this particular argument in the next section.
Avoiding the Swampland. The authors of Ref. [5] concluded that inflationary models are generically in tension with the Swampland criterion C2. However, we do not share the same opinion. What do we really know about the perturbations generated during inflation? We believe it is fair to say that:
• scalar and tensor perturbations are almost scaleinvariant and scalar perturbations are adiabatic;
• scalar perturbations are nearly-Gaussian, the level of non-Gaussianity being severely constrained [29] .
These are observational facts which may not be disputed.
The somewhat gloomy reality that we have to accept is that we do not know what is the real source of the scalar perturbations during inflation. Indeed, even though the inflationary paradigm is quite simple to spell, the source of the cosmological adiabatic perturbations remains a mystery (and probably it will remain unless a large level of non-Gaussianity is observed). It is imaginable that the adiabatic scalar fluctuations are not due to the inflaton fluctuations (in the flat gauge) and therefore the curvature perturbation ζ does not remain constant on super-Hubble scales. Quite the opposite, ζ can vary due to a non-adiabatic pressure perturbation density δP nad which may be appear if extra degrees of freedom are present. The corresponding evolution equation isζ
where ρ and P are the background energy and pressure densities, respectively. If so, the final adiabatic cosmological perturbation ζ finds its origin not from a single-clock [9] would lead c ∼ (H/Mp) 2 ≪ 1, making all the discussion irrelevant.
degree of freedom and the consistency relation (6) is not valid any longer. The curvaton [30] [31] [32] [33] provides an example of a mechanism in which the curvature perturbation is generated not at Hubble crossing, but on super-Hubble scales when the curvaton isocurvature perturbations are converted into curvature perturbations upon the curvaton decay (after the end of inflation when radiation is present). In such a scenario the non-adiabatic pressure perturbation density δP nad is given by
where σ( x, t) is the nearly massless curvaton field and
is the curvature curvaton perturbation in the flat gauge. The curvaton mechanism is not the only option. For instance, the modulated decay scenario [34, 35] takes advantage of the fact that one can generate spatial fluctuations in the decay rate of the inflaton field on superHubble scales, if the decay rate has a dependence on the vacuum expectation value of a nearly massless scalar field. The fluctuations of the latter induce a perturbation in the inflaton decay rate and, consequently, in the temperature of the radiation generated at decay.
Last, but not least, it may happen that the curvature perturbation received the dominant contribution at the last phase of inflation [36, 37] . This happens if inflation ends when the inflaton field acquires some critical value φ e and such value depends on some other scalar field σ. If the latter is again nearly massless during inflation, the curvature perturbation will read
In all these scenarios the consistency relation (6) is not valid and therefore one may not connect the tensor-toscalar ratio r to the slow-roll parameter ǫ. This implies that the criterion C2, does not provide any information. In fact, in these mechanisms to generate the primordial curvature perturbation ζ, the contribution to it from the inflaton field is suppressed by taking a low value of the Hubble parameter during inflation. One therefore does not expect a measurable amount of tensor modes through the B-mode polarisation of the CMB anisotropies.
Conclusions. In this short note we have made the point that the Swampland criteria are not in tension with the inflationary paradigm as long as we do not have the certainty that the parameter c is unity and that the curvature perturbation is originated by a single-clock. A future detection of a large level of non-Gaussianity, which is incompatible with slow-roll single field models of inflation, will put our reasoning on firmer grounds. In fact, if taken seriously, the Swampland criteria might suggest that the curvaton-like mechanisms to give origin to the curvature perturbation are to be preferred. On the other hand, a measurement of a high level of tensor modes will make our argument less defendable.
